ABRKANSAS-WHITE-RED RIVER BASINS

A Report on the Conservaticon and
Development of Water and Tand Resources
Prepared by Federal and State Agencies
Under Authorization of Section 205 of

the Flcod Contrel Act of 1950.

Part I



This volume ccmprises Part 1 of the Report of the
Arkansas-White-Red Bagine Inter-Agency Committee, which was
organized by direction of the President to conduct a comprehen-
sive survey of the water and related iand rescurces of the
Arkansas, White, and Red River BRasins, as authorized in Sec-
tion 205, Public Law 516, 8list Congress, Second Session. The
complete report consists of two parts:

Part I - An over-all summary of the survey.

Part IT - Details of studies on various phases of the
survey, subdivided into the following sections:

1. Population, Iabor Force, Manufacturing, and Health
2. Water Resources Project Data

3. Floocd Control, Waterflow Retardstion, and Flcod

Forecasting

4. Navigation

5. Drainage

6. Irrigation and Reclamation

7. Hydroelectric Power Develcrment and Utilization
8. Demestic and Industrial Water Supply

9. Water Follution Control
10. Mosquito Control and Allied Problems
11l. Agriculture
12, Fish and Wildlifs
13. Recreation
14. Mapping
15. Hydrologic Data Coliecticn Program
16. Minerals and CGeology
17. Aveilability, Use, and Control of Water



I - INTRODUCTICH

Thig report of the Arkansas-White-Red Basins Inter-Agency
Committee presents a long-range plan for the development of the
water and related land resources Of the Arkansas, White, and Red
fiver Basins. Part I of the report presents a summary of the
framework plan for the three Basins as a whole. Detailed data are
contained in Part II, consgisting of 17 separate secticne arranged
by functions as shown on page 1.

The authorization for the report is contained in Sec-
tion 205 of the Flood Control Act of 195C (Public law 516, 8lst
Congress, 2d Session, approved May 17, 1950). Pertinent provisions
of the act are as followe:

"AN ACT"
"Authorizing the conmstruction, repair, and preservation
of certain public works on rivers and harbors for navigation, flood

control, and for other purposes."”

"Be it enacted by the Senate and House of Revresentatives
of the United States of America in Congress Assembled.”

* * * * * * * * * *

"TITIE 11 - FLCOD CONTROL™

* * *x * % * * * * *

“Sec. 205. The Secretary of the Army is hereby author-
ized and directed to cause preliminary examinations and surveys for
flood contrel and allied purposes, including channel and major
drainage improvements, and floods aggravated by or due to wind or
tidal effects tc be made under the direction of the Chief of Engi-
neers; 1in drainage areas of the United States and its Territorial
possessions, which include the following-named localities, and the
Secretary of Agriculture is authorized and directed to cause pre-
liminary examinations and surveys for runoff and waterflow retarda-
tion and soil-ercsion preventicn on such dreinage areas, the cost
thereof to be paid from appropriations heretofore or hereafter made
for such purposes: Provided, That after the regular or formal
reports made on any examination, survey, project, or work under
way or proposed are submitted to Congress, no supplemental or
additional report or estimate shall be made unless authorized by
law except that the Secretary of the Army may cause a review of



any examination or survey to be made and a report thereon submitted
to Congrese if such review is required by the national defense or
by changed physical or economic conditicns: And provided further,
That the Govermment shall not be deemed to have entered upon any
project for the improvement of any waterway or harbor mentioned in
this title until the project for the proposed work shall have been
adopted by law:"

* * * * * * * * * *

"Arkansas, White, and Red River Pasins, Arkansas,
Iouisiana, Oklahome, Texas, New Mexico, Colorado, Kansas, and
Missouri, with a view to developing comprehensive, integrated
plans of ilmprovement for navigation, flood contrel, domestic and
municipal water supplies, reclamation and irrigation, development
and utilization of hydroelectric power, conservation of soil,
forest and fish and wildlife resources, and other beneficial
development and utilization of water rescurces including such con-
gideration of recreation uses, salinity and sediment control, and
pollution abatement as may be provided for under Federal policies
and procedures, all to be c¢oordinated with the Department of the
Interior, the Department of Agriculture, the Pederal Power Commis-
sion, other appropriate Federal agencies and with the States, as
required by existirg law: Provided, That Federal projects now
constructed and in operation, under construction, authorized for
construction, or projects that may be hereafter authorized substan-
tially in accordance with reports currently before or that may
hereafter come before the Congress, if in compliance with the first
section of an Act entitled 'An Act authorizing the construction of
certain public works on rivers and harbors for flood control, and
other purposes', approved December 22, 1944 (58 Stat. 887), shall
rot be altered, changed, restricted, delayed, retarded, or other-
wise impeded or interfered with by reason of this paragraph.™

* # * * * * * * * *

Following passage of the 195C Flcod Control Act, the
President on May 19, 1950, sent letters to the Departments of the
Army, Agriculture, the Interior, and Commerce, and to the Federal
Security Agency and the Federal Power Commission directing that
the investigations for the Arkansas, White, and Red River Basins
be conducted on an inter-agency basis. The letter ig as follows:

"I have signed H. R. 5472, the River and Harbor and Flood
Control Act of 1950. 1In addition to a large number of flood con-
trol and navigation projects, many of which are themselves multiple-
purpose in character, this Act makes special provision for a com-
prehensive survey of the Arkansas, White and Red River Rasins in
the States of Arkansas, Iouisiana, Oklahoma, Texas, New Mexico,
Colorado, Kansas and Missouri. The Act contemplates the preparation



of a report to provide for the test development and use of the
water and land resources of these river basins which comprise

177 million acres - almost l/ll of the land area of the United
States - with a topogrephy and climate varying from the mountains
on the west to the coastal plains on the east, and from arid high
plains to humid backwater areas of the Mississippi.

"The procedure authorized by the Act is in lieu of a
special study commission included in earlier versions of the bill,
which wouid have been preferable. It is significant, however,
that for the first time there is specifically recognized in legis~-
lation of this type the need for a broad-scale study of the multiple
uses 0f the land and water resources of a river basin. It is
essential that the Executive agencies organize their efforts to
realize, as far as possible under existing law, the potentialities
of the broad-scale, integrated national resources study for the
Arkansas, White and Red River Rasins auythorized in H. R. 5&72.

"In this connection it is important that the efforts of
the various agencies be integrated from the very beginning of the
investigation. T am sure that you will agree with me that our
experience in river basgin investigaticns demonstrates the impor-
tance of integrating the activities of the varicus agencies
starting with the planning of the investigation itself. For the
purpose cf conducting this survey, I am, therefore, requesting
that as a first step the various Federal agencies concerned, in-
cluding your Department, organize an inter-agency committee, formu-
late procedure, and map out a joint plan of investigation,
indicating specifically the precise responsibilities of each and
the prospective allocation of agency resources to the joint effort.

"Because of the language contained in H. R. 5472, it
seems desirable that the Department of the Army be designated as
the Chairman agency. Each agency would, of course, make itsg
contribution in accordance with its responsibilities under existing
iaws. The final product of such a joint inter-agency investigation
should be & single comprehensive report cmiracing the coordinated
views of all agencies concerned.

"I assume that each participating agency and the group
as a whole will coordinate its plans and activities with those of
the interested States. It is essential that the Federal agencies
draw upon the experience and ideas of the people of the area to
the fullest extent, and the final report should carry the concur-
rence or comments of each affected State.

"Ag T see it, such a Joint effort does not involve addi-
tiocnal authorizations but instead coordination to the maximum
extent under exiasting circumstances of already authorized activi-
ties. Tt is my desire that the survey be undertaken zs scon as



practicable and carried forward in fiscal year 1951 using available
funds. The 1952 budget estimates of each agency should be prepared
with this in mind and would reflect your planning in accordance
with the intent of the Congress.'

* * * * * * * * * *

In response to the President's letter, the Federal Inter-
Agency River Basin Committee (hereinafter referred to as FIAREC)
met in Washington, D. C., on June 12, 1950, and passed a resclution
establishing the Arkensas-White-Red Basins Inter-Agency Committee
(hereinafter referred to as the AWRBIAC) with Federal agencies
participating to be the same as on the FIAREC. The purpose of the
Inter-Agency Committee wag stated as being "to implement the poli-
cies and purposes of the Federal Inter-Agency Agreement dated
December 29, 1943, by providing a means through which the field
representatives of the participating Federal agencies may effec-
tively interchange information and cocrdinate their activities
among themselves and with those of the States in the investigation
and preparation of report covering the water resources and related
land resources of the Arkansas, White, and Red River Basins."

Initially, Federal representatives were named to the
AWRBIAC by the Departments of the Army, the Intericr, Agriculture,
and Commerce; and by the Federal Security Agency and the Federal
Power Commission. In 1953 the representative of the Federal
Security Agency was redesignated as the representative of the
Department of Health, BEducation, and Welfare. During the same
year the Department of ILabor was added to the membership. Prior
to the first meeting of the Committee, invitations to participate
in its work were extended to the governors of the eight AWR States
of Colorado, New Mexico, Kansas, Oklahoms, Texas, Missouri,
Arkansas and Louisiana. EFEach of these governors subsequently
appointed a representative to act for him on the Committee and to
coordinate the AWR activities of his State. These representatives
participated on an equal basis with the members representing the
Federal agencies. In March of 1954 the President appointed
Mr. Walter L. Huber to the staff of the kxecutive Office for the
purpose of serving as Presidential Adviser on AWR matters.

Throughout the study, the States participated actively
with the PFederal agencies in developing the plan. The governors'
representatives provided valuable assistance and counsel in coordi-
nating AWR planning with the laws, policies, and objectives of
their respective States and arranged for participation by the
appropriate State agencies. Reference is made to Table 1 for the
names and tenure of office of each person who was designated as a
State or Federal representative on the AWRBIAC during the prepara-
tion of the report.



The Committee held its first meeting on July 285, 1950.
Throughout the survey, the Committee met regularly, for the most
part at one or two month intervals. WMost of the meetings were
held in Tulsa, Cklahoma, although at least two meetings were held
in each participating State. Some of the meetings were cpen to
the publiec and provided opportunity for residents of the area to
keep informed concerning Committee activities. The actions of the
Committee are recorded in official minutes.

Farly in the survey the Committes conducted a series of
public hearings for the purpose of providing all interested indi-
viduals an opportunity to express their views on developments
needed in the area. Seventeen hearings were held at 15 locations
in the regions. The locations were selected so as to minimize
travel for the public. Complete transcripts of the hearings are
on file with the participating agencies.

In proceeding with the survey and formulation of the
plan for the AWR Basins, the Inter-Agency Committee encountered a
numper Of problems that do not ordinarily confront an individual
agency in develcping plans for specific functions in a more limited
area. These problems arose because of several factors, including
(1) the "long-range" rature of the plan; {2) the enoymous size of
the area and its wide diversity of resources, potentialities for
development, and resource problems; (3) the large number of elements
requiring consideration and coordination; (4) the many different,
gometimes competing purposes to be served ty the same resources;
(5) the existence of resources plans and programs in various stages
of development and operation when the survey was initiated; (6) the
number of agencies, both State and Federal, operating under some-
what different laws and policies that had interests and responsibil-
ities in connection with the survey; and (7) the sbsence of a
uniform national policy governing resource development planning.

Individual Federal agencies had established procedures
and policies for formulating projects and programs relating to the
functions with which they were concerned. Prior to the initiation
of the AWR survey the FIARBC had developed some procedures for the
evaluation of water use and control projects, and on December 31,
1952, the Bureau of the Budget, in Circular A-47, subject: “Reports
ard Budget Estimates Related to Federal Programs and Projects for
Conservation, Development or Use of Water and Related Land
Resources,” issued criteria related to the analysis of water re-
sources projects. Although the AWRBIAC adopted the procedures and
practices developed by the FIARBC and the criteria set forth in
Budget Bureau Circular No. A-47, there was considerable difference
cf opinion regarding the application of the principles involved
and their applicability to long-range planning.



The specific issues confronting the AWRBIAC, the manner
in which each of them was met, and the influence these issues had
on the plan set forth in this report are outlined in the paragraphs
which follow.

The first problem that required the consideration of
the individual agencies and the Inter-Agency Committee was that of
adopting suitable organizational arrangements for carrying on the
survey. FEach Federal agency had to establish special procedures
for conducting AWR survey activities because agency areal and
regional boundaries did not coincide with the boundaries of the
AWR Basins. For some agencies the investigations necessitated by
the survey differed in nature and scope from those normally under-
taken. The State agencies faced somewhat similar problems. The
AWRBIAC was required to establish an organization and procedures
designed to assure day-to-day coordination of effort among the
large number of participating agencies.

Ag a first step toward accomplishing this cbjective the
Committee established 17 "work groups''. The work groups and the
representation on each are shown in Table 2. REach work group was
concerned with a particular aspect of the survey, such as naviga-
tion, drainage, agriculture, fish and wildlife, etc. All State
and Federal sgencies interested in the activities of a particular
work group were members thereof. The agency designated by the
AWRBIAC as cheirman for a work group was assigned responsibility
for obtaining coordination of the activities of all member agencies
relating to that aspect of the survey. This responsibility was
discharged through meetings of all members of a given work group,
through informal conferences of agency representatives, and by
organization of subgroups for special purposes or particular areas.
Bach governor's representative was desigrated by the Committee as
a State Coordinator with the mission of facilitating coordination
among the work groups on the studies pertaining to his State.

As the survey proceeded it was recognized that investi-
gations and plans for navigation, drairage, irrigation, flocd
control, municipal and industrial water supply, and hydroelectric
power development were so closely interrelated that additional
arrangements were required for coordination of these aspects of
the survey. 1In response to this need, the Committee organized
geveral water use and control groups composed of appropriate repre-
sentatives of State and Federal agencies. FRach group was concerned
with a particular geographic area and cperated under the chairman-
ship of a State representative.

In order to provide staff assistance on matters of gen-
eral concern, the Committee established the Tulsa Group composed
of representatives of each Federal agency and each State that
wished to participate. This group proposed schedules for Committee



operation, prepared analyses of problems, formulated recommenda-
tions relating to the conduct of the survey, and tcok action in
the Committee's bebhalf on routine matters. Plate 2 is a diagram
of the inter-agency organization.

During the course of the survey it became desirable to
clarify the responsibilities of the Committee as a whole in com-
parison with the responsibilities of the participating agencies.
The resulting delineation recognized that each agency could conduct
and assume responsibility for only such studies and investigations
as came within the scope of its interest and responsibility under
existing law. Therefore, the Committee as a whole could only
assume a responsibility for coordination of the activities of one
agency where they impinged upon or overlapped the activities of
ancther. This included the developing of procedures to apply in
preparation of the plan, the conducting of joint studies and
investigations, and agreeing on the form, scope, content, and
schedule for the report.

In considering what was meant by a long-range plan the
Committee decided that the plan should include all elements that
can be justified for initiation by 25 years after submission of
the report. Each element (such as a water use and control project)
should be designed to take into account needs which are expected
to develop by the year 2000. Recognizing that factors which deter-
mine the economic feasibility of projects will change and that
standards of feasibility are subject to modification, numerous
projects are included in the long-range plan which are not cur-
rently feasible. Inasmuch ag the conditions that determine
whether a given project may prove desirable at some future date
are difficult to evaluate, the plan includes those projects and
programs considered by Federal and State representatives to warrant
inclusion in the framework plan on the basis of the current eco-
nemic evaluations and the judgement of the planning agency having
primary responsibility. Accordingly, it is expected that some of
the projects included in the plan that are not econcmically feasible
at this time may become feasible in the future, while others may
never warrant development.

The Committee took several steps designed to assure com-
parability of approach among the agencies in formulation of the
long-range plan. Among these was the adoption of assumptions as
to the general econcmic outlook for the three basins. First, it
was agreed that a moderate rate of population growth in the three
basins would be assumed. The specific estimates of future popula-
tion are set forth in Section 1 of Part II entitled "Population,
labor Force, Manufacturing and Health." Second, it was agreed that
a relatively high level of employment characteristic of an expand-
ing economy would be assumed. Finally, it was decided that pro-
Jjected prices furnished by FIAREC would be used in benefit and



cost analyses. These projected prices were computed by applying
certain projected price indices. TFor construction costs an index
of 180 was used (l939=lOO); for agricultural products an index of
215 was used (1910-14=1C0). The corresponding indices for the
year 1950 are 217.5 and 256, respectively. Where projected prices
are not used in the report, the price base is indicated.

In the calcuilation of benefits and costs it was agreed
toc follow generally the principles contained in the report of the
Subcommittee on Benefits and Costs of the FIARBC entitled "Proposed
Practices for Econcomic Analysis of River Basin Projects.” With
minor exceptions, the provisions of Bureau of the Budget Circular
A-U4T were adopted by the Committee. However, because of the dif-
fering views as to the applicability of these two guides to long-
range planning, the principles, procedures, and practices set forth
therein were applied largely in accorydance with individual agency
policies and interpretations. Difficuities that were encountered
in their application are described below.

In view of differences of opinicn as to how secondary
benefits should be calculated it was decided by FIARBC that "an
arbitrary factor of 10 percent would be applied to the value of
the increase in agricultural products sold by the farmer, to the
value of the increase in power at the load center and to the value
of the increase in other project products or services at comparable
points as an approximation of the secondary benefits creditable to
a project.” TFor hydroelectric power secondary benefits were not
tsc be used to justify a project. 1In the case of project products
or services other than agricultural products and power, the Com-
mittee decided that the 10 percent factor would be applied to the
primary benefits. No secondary benefits are included in the
monetary values of increased production attributable to the treat-
ment of crop, range, and forest lands.

For evaluating hydroelectric power benefits the Committee
agreed that power values should be determined in accordance with
the procedures embodied in an agreement among the Department of
the Interior, the Department of the Army, and the Federal Power
Commission, dated March 12, 1954. This agreement provides that,
in the economic analysis of hydrceliectric power projects, the
costs are to be baged on Federal firnancing, but that the taxes
foregone by reason of Federal development are to be considered as
additional economic costs of the hydro project. PEenefits were
evaluated on basis of the cost of alternative privately financed
fuel-electric generators.

For several reasons, it was difficult to apply the prin-
ciple of benefit-cost analysis whereby each increment added to a
project should have a benefit in excess of its cost. First,
because of the long-range nature of the plan, it was impcssible to



determine what is a feasible increment of a project no portion of
which is presently feasible but which may kecome feasible at some
future date. Second, many projects were not studied in sufficient
detail to make such a determination. Third, opinion differed as

tc the amount of weight that should be given to these factors which
cannot be evaluated in monetary terms in deciding whether a given
inerement of a project is feasible. For these reasons the 'incre-
mental principle" was not generally applied in the AWR study.

The Committee considered what policies relating to
financing, division of responsibility among levels of govermment
and private individuals, and similar matters should govern the
development or undertaking of elements included in the plan. It
was assumed that the division of activity in resources conservation
and development would continue generally to follow established
patterns. ©Since the Federal agencies were directed to conduct the
survey, projects and programs that might be undertaken by Federal
agencies are presented in greater detail than projectsg and programs
that traditionally have been primarily the concern of States and
private enterprise. At the same time it was recognized that any
of the projects and programs inciuded in the plan might be under-
taken by the Federal Government, the States, or private enterprise.
Reimbursement and cost sharing requirements, where shown, are based
generally upon the policies of the agencies that investigated and
formulated the project or progran.

In a number of areas questions arose as to which of two
or more alternative ways should be selected for the development
and utilization of a given resource. For example, there were
questions as to the extent tc which water should be retained in
small reservoirs for upstream purposes and the extent to which the
supply should be impounded in larger reservoirs for downstream
purposes. Similarly, there were guesticns as to whether certain
lands should be drained for agricultural purposes or left undrained
and devoted to forestry and wildlife purposes. For the most part,
the Committee did not endeavor to resclve issues of this nature.
Where the correct answer seemed apparent to all concerned, a
selection was made but where there was a question as to what the
answer should be, both alternatives are set forth in the report
with the understanding that such decisions should be left until
the time for development is at hand and more detailed analyses of
the specific issues can be made in light of then current conditions.
For some areas where only one plan is presented it is recognized
that further study may indicate alternative plans not yet investi-
gated to be more degirable.

Throughout the survey, the Committee was faced with the
guestion of the degree of detail that should be sought in the
investigation and planning of projects and programs and the extent
to which reiated elements of the plan should be coordinated.



The Committee recognized that, in formulating a long-range plan,

it was setting forth a general framework which would be subject to
revision as conditions change. Accordingly, it was agreed that
detailed study and ccordination of the many projects and progranms
that may not become feasible and desirable for some time would be
an unwarranted expenditure of public funds. On the other hand, it
was the objective of the Committee to attain a high degree of de-
tail in the study and coordination of those projects and programs
found to be economically feasibie and warranting early development.
Although this objective was not fully realized, this report identi-
fies as Category I proposals certain types cof projects and programs
considered by the investigating agency to warrant early develop-
ment. The designation of categories does not signify relative
priorities among various projects and programs within the same
category; por does it imply the relative standing ketween types of
projects and programs that have been designated by categories and
those that it has not been practicable to clagsify in that manner.
Furthermore, it is recognized that projects and programs noct now
included in Category I may become desirable for early initiation
and that, as a result of further study or changed conditions, it
may be found advisable to delay initiation of certain projects and
programs now classified in Category I. Cther aspects of the prob-
lem of achieving an adequate degree of detail in investigaticn and
coordination are discussed below.

For many years prior te initiation of the AWR survey,
both State and Federal agencies had programs of investigation and
development under way. Some plans had been formulated and were
being carried out. A large number of water use and control projects
had been planned, many of which had been authorized by the Congress
while others had been recommended for development. State and
Federal resource agencies such as the game and fish commissions,
the State park agencies, the agricultural agencies, the health
departments, and others had going programs that related to specific
phases of the AWR survey. Accordingly, data and plans developed
as a result of previous studies were utilized wherever practicable.
Much of the information included in this report is based upon those
studies.

In the Flood Control Act of 1950, specific reference was
made to the projects that had been previously authorized or recom-

mended. The Act stated, in part, that such projects ". . . shall
not be altered, changed, restricted, delayed, retarded, or cther-
wise impeded or interfered with by reascn of this paragraph.'” The

Committee agreed that restudy of any authorized or previously
recommended project would be made only upon request of an affected
State or agency primarily concerned, and when sound preliminary
information submitted to AWRBIAC indicated that the restudy was
Justified. ¥For purposes of inter-agency coordination the author-
ized and recommended projects have been considered as projects
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in being and have not been subjected to reanalysis, re-evaluation
and approval by the AWRBIAC. However, certain changes in those
proJjects resulting from further study by the sponscring agencies
are reflected in this report. In some cases the project was
excluded from the plan because of changed conditions.

To achieve a degree of comparability in the economic
evaluaticn of water use and control projects, the Committee sought
to assure utilization of comparable basic agricultural data (esti-
mates of crop yield, assumptions as to land use patterns, etc.) by
all planning agencies. A special inter-agency group was designated
to review agency data and seek adjustments that would assure com-
parability and sound conclusions. Although satisfactory results
were achieved in a few areas, so many problems were encountered
that it was decided that in the remaining areas each agency would
utilize the data that it had previously developed. Consideration
was also given to the desirability of establishing uniform criteria
governing the design of water use and control projects because cost
estimates are closely associated thereto. However, it was decided
that each agency should utilize its own design criteria.

The Committee adopted several measures having the objec-
tive of achieving a satisfactory degree of hydrologic coordination
of related water use and control projects. Early in the survey a
subcommittee was designated to prepare a general inventory of the
water resources and compile a record of streamflows at selected
iocations. Later an inter-agency group of hydrologists under a
full time chairman was designated to facilitate the hydrologic
coordination of elements of the plan. The Committee slso sponsored
a special study of a small tributary area in an effort to develop
comparable hydrologic and economic procedures tc be used by all
agencies.

In formulating the framework plan for water use and con-
trol it was evident tha* hydrologic coordination with upstream
developments would be needed for all projects contemplating the
use or control of substantial quantities of water from surface
sources. For projects or programs not contemplating use or control
of substantial quantities of water or those in locations where
there were no related projects or programs, the hydrologic rela-
tionship with other projects and programs was relatively insignifi-
cant and could be ignored. For numerous elements of the plan,
detailed hydrologic coordination was not warranted because the
projects were not justified for early development. All water use
and control projects (except where alternatives are gpecificaily
designated) have been fitted together hydrologically and econom-
ically tc the extent that most overlaps in claimed benefits have
been eliminated. Yet certain procblems remain. Pecause of differing
methods of approach and insufficient data to arrive at conclusive
results, agreement was not reached in estimating the effects of
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various projects and programs upon total ruroff and peak flows.
Accordingly where interrelationships are significant, further in-
vestigations are required to provide a basis for achieving hydro-
logic and economic coordination prior to development. Section 2
of Part 1T, "Water Resources Project Data,” sets forth the hydro-
logic and economic coordination needed for those projects which
individual planning agencies have identified as warranting early
consideration for development.

As a result of the survey and the action taken on the
foregoing issues, a framework plan is set forth in this report
that the participating agencies consider as indicating the resource
development potentials of the Arkansas, White and Red River Basins.
The elements ineluded in the plan are the propcsals of the Federal
and State agencies, formulated in accordance with agency policies
and procedures and adjusted to varying degrees through coordination
by the AWRBIAC. For the most part projects formulated prior to
the AWR survey have been included in the plan with little change
as a result of the survey. Many elements of the plan have received
only preliminary study whereas others have been studied in con-
slderable detail. Although alternative projects have been studied,
there has not been opportunity to explore all potential alternatives.
Many elements set forth herein are not currently feasible accord-
ing to present standards. Some of them will probably become
feasible in the years ahead, whereas others may never warrant de-
velopment. In certain tributary areas where there are significant
interrelationships among elements of the plan, further study wiil
be required before development is undertaken in order to achieve
adequate hydrologic and economic coordination. 1In some cases such
studies may indicate that complete reformulation of the plan for
the tributary area will be necessary in order tc obtain optimum
benefits. In other cases cnly minor adjustments should be neces-
sary.

Accordingly, the Committee visualizes the report as
constituting a general guide to the future development of the re-
sources of the area. The resources are identified, their poten-
tialities are appraised, and a framework plan for their conservation
and development is set forth. In the years shead, it is anticipated
that those responsible - the States, the PFederal Govermment, private
individuals and organizations - will develop more detailed plans
for individual elements in the light of information and conditions
current at that time, will coordinate such plans with all interested
parties, and will take the steps necessary to proceed with their
development.
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Table 1 — The Arkansas-wtilte-Red RBasins
Inter-Avgency Conmlttee

SEDERAL

Presldentlal Adviser
Mr. Walter L. Huber
March 1954-June 1955

Lepartrent of the Arny
fhalrman Agency

Col. Louls W. Frentiss
July 1980-May 1952

Gen. Verbert D, Vogel
June 19&82-August 185

Col. L. k. Scenan
Zept., 1954-june 1955

Départment of the Tnteripr

Mr. C. L. Forsling
July 1980~-June 1933

ir. C. W. Selbel
July 198%-June 1055
Department of Agriculture
Mr, Jokn A. Zhort
July joz0-June 180,
Lepartment of Comnerce

Mr., Gustav E, Larson
July 1950-June 1983

Mr. J. A, ¥lllott
Sept. 1953-June 1955

Lenarinment of Labor

Mr. Ed Mcbonald
June 189E8&-Junc 1955

Department of Health,
fducation end Welliir.

Mr. Co b

F. . Warkentin
July 165

~June 1955

Federal Pover Commlssion

r. Wwiltur F. Falrlanb
July 195¢-Den, 1084

Mr. Carl F, Roberts
Jan, 1955-fune 1955

B3IV REPRESENTATIVES

Governor, Governor!s neprusentative
o Loulslzana
Fon. karl K. Longz Col., J. Luster white
July 1850-April 19:2 AUzust 185C~May 1902
Hon. Rotert [, ¥ennon Mr. Roy T. Sessuns
May 1862-June 1985 June 1852-June 185D
Missouni
Hon. Forest Smith Mr. John M. Dewey
July 1950-Tec. 1982 Mgust 198C~-June 1955

Hon. Phil M. Connelly
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Red River Basin Above Denison Dam

Dezcription

The Upper Red River Basin extends from eastern New
Mexico, across the Texas Panrhandle, to Tenison Dam on the (klahomsa-
Texas bvoundsry. It embraces an area of 39,719 square miles,
891 square miles in New Mexico and the remainder divided between
Texas and Oklahoma. Elevations vary from sbout 4,000 feet in the
headwaters area in New Mexico to 600 feet at Denisorn Dam. The
High Plains west of the 10lst meridian are flat to gently rolling,
with nurerous shailow depressions which have no drainage outlets
to streams. The Central Lowland area to the east is a rolling
plain with well-developed drainage courses. Climate varies from
gemigrid in the west to moist subhumid in the east. Both
annual and seasonal distributicn of precipitation is erratic.
long periods of drought are broken by infrequent but intense rain-
storms. The long summers are hot and dry, and the winters are
relatively mild except during severe 'northers.” Wind velocity
and tctal wind mocvement are characteristically high.

Agriculture, together with limited processing of agri-
cultural products, is the predominant economic activity. 0il and
gas production is important in the eastern portion. The limited
industrial development is concentrated principally in Wichita Falls,
Texas. Other relatively large population centers are lawton and
Ardmore, Oklahoms.

The rural and farm populaticn of the area decreased
about 40 percent in the 20-year period, 1930-50. Concurrently,
urban populations have increased, particularly in the larger cities
and towns. The urban growth in specific localities is traceable
to new oil discoveries; to establishment of oil and gas processing
plants, food processing plants, or metal fabricating units; to
establishment or expansion of armed forces installations; or %o
development of irrigaticn, along with expansion of the accompanying
service industries. However, despite the urban growth, total popu-
lation has declined approximately 18 percent in the 20-year period,
1930-3550. Thus, a relatively large number of people have migrated
to other areas to find prcductive employment.

Present Development, Needs, and Potentialities

Availability of Water and Present Use

The protracted periods of severe drought in the 1930's
and the early 1950's have emphasized the need for conservation and
prudent use of water throughout this area, where the water resources
which can be developed are limited by both quantity and quality
considerations. East of the S8th meridian the development of facil-
ities for supplying future water requirements of municipalities and
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industrial establishments is the principal concern; development of
water supplies for agricultural uses is of secondary importance
gsince normal rainfall is generally sufficient for the moisture re-
quirements of the principal crcps. West of the 98th meridian
there are poth present and prospective deficiencies in municipal
and industrial water supplies, and the possibility of irrigaticn
as a factor in stabilizing and diversifying agricultural coperations
becomes progressively more important from east to west.

In the High Plains, grourd water from the Ogallala for-
mation has been develcped to provide water supplies for the towns
and industries and for irrigation of about 675,000 acres of land.
Current estimates indicate that the volume of water stored in the
aquifer is large in relation to present uses, although the with-
drawals greatly exceed the rate at which the aquifer is recharged.
Development of significant water supplies from surface sources is
precluded by the low rainfall and the noncontributing character of
the terrain. Thus, the potentlialities for industrial activity and
expansion of irrigation in the High Plains section will, in time,
be limited by the magnitude of ground-water withdrawal which can
be maintasined.

In the Central Lowland section, both ground- and surface-
water resources are ubtilized., Ground water now provides the water
supply for most small municipal systems and for numerous small
tract irrigation enterprises concentrated in three counties along
the Red River in western Cklahoma. The yields of developed ground-
water sources have been gufficient for the rural domestic and
farmstead requirements and for numerous small towns, but the de-
pendable yields of the sources have not been determined. The high
mineral content of most ground water in this area makes it unsuit-
able for many industrial uses and undesirable for dcmestic and
municipal uses. Ground-water investigations indicate that several
alluvial terraces adjacent to various streems may yield sufficient
potable water for nearby small communities, but no additional sup-
plies of significant magnitude and acceptable quality can be
articipated in the interstream areas.

The larger towns and cities have developed surface-water
supplies to obtain adequate quantities or, in scme cases, because
the surface-water quality is superior to that of the available
ground water. Wichita Falls, Texas, the largest city, obtains
municipal water from Lake Kickapoo. TLawton, Durcan, Chickasha,
Ardmore, and numerous other towns in Oklahoma, have also developed
surface supplies. All municipalities using surface supplies have
experienced deficiencies or face the prospect of deficiencies in
the foreseeable future. The present drought has asccentuated the
problem.

Opportunities for development of additicnal surface water
supplies are limited both by the flow characteristics of the streams
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and by mineralization from natural sources and pollution frcm
municipal and industrial wastes, including oilfield wastes. All
streams traversing the area between the S9th ard 101lst meridians
are subject to varying degrees of contamination. Flows of the
Wichita River, Pease River, Prairie Dog Town Fork, Salt Fork, and
Elm Fork are unsuitable for municipal and industrial uses. Al-
though North Fork and the upper Washita River waters have consider-
able mineral content, their over-all quality is acceptable. East
of the 95th meridian, a number of tributaries to the Washita River
and to the main stem of the Red River have significantly large
flows of water of relatively good quality. Certain other tribu-
taries yield large volumes of water but are contaminated by
municipal and industrial wastes. Reference is made to Plate 13,
Chemical Quality of Surface Waters.

Two surface impoundments have been constructed to store
water for irrigation. Lake Kemp near Wichita Falls, Texas, on the
Wichita River provides water for approximately 22,000 acres. The
W. C. Austin Project, near Altus, Cklahoma, obtains water from the
Altus Reservoir on the North Fork of Red River. Studies hased on
streamflows during the current drought period indicate that this
reservoir will provide a dependable water supply for 27,000 acres,
although the irrigation distribution system serves about 47,000
acres. In addition to the impoundmente, some surface water is
pumped to adjacent lands at scattered locaticns along streams in
the Washita River Basin.

Municipal and Industrial Water Supply

ILand use in the upper Red River Easin may be expected
to continue much as at present with scme intensification of agri-
culture in selected localities where irrigation, flcod control or
drainage measures are practicable. For any significant increase
in employment opportunities the area must look to expansion of
processing, manufacturing,and service activities.

The energy and chemicals provided by the petroleum and
natural gas resources, the other minersls, and the agricultural
products of the area could provide a basis for considerable indus-
trial expansion and asscciated urban development in the upper Red
River Basin. The extent to which such development will ocecur
depends, in part, upon factors that have not been fully explored.
These include such guestions as: (1) the advantages of this area
in compariscn with other areas with similar resocurces; (2) the
extent to which urban communities here can compete with larger
established centers such as Cklahoma City, Amarillo, Fort Worth,
Dallas, and Lubbock; and (3) the availability of transportation
facilities, cepital, and markets.

Should there be a significant expansion of industrial

activity in the upper Red River BRasin, it will be essential that a
large part of the limited water supplies bte developed for municipal
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and industrial use rather than for agricultural purpcses. Further
study is needed to determine municipal and industrial water require-
ments and the test source of supply for many ¢f the cities in the
area. Generalized estimates made in connection with the AWR survey
indicate that total municipal and industrial water requirements in
the upper Red River PBasin may increase by approximately 134 million
gallons per day by the year 2000.

Irrigation, Flcod Control, and Drainage

In the High Plains, soils are deep and fertile, and are
highly productive when moisture conditions are favorable. Live-
stock grazing and production of wheat, sorghums, and other crops
suitable to the climate, are the major land uses. About 675,000
acres of cropland are irrigated from ground water, and expansion
of the irrigated area is continuing. Receding water levels indi-
cate that the amount of irrigaticon which can be sustained by
ground-water pumping will eventually decline below the present
level. No significant surface-water supplies are available to
supplement the ground-water developments.

East of the High Plaing, an area of rough topography and
relatively shallow soils extends across the EBasin in a north-south
band 40 to 60 miles in width. Grazing of livestock is the prin-
cipal agricultural activity. A major portion of the valley lands
are not sufficiently extensive or productive to warrant considers-
tion of flood control, and deficiencies of suitable lands and
water supplies preclude any significant development of irrigation.

The Central Lowland area, which constitutes the major
part of the upper Red River PBasin, is a rolling prairie. Here the
generally productive solls and higher rainfall provide a basis for
more intensive agriculture. Grazing is practiced throughout the
area, but production of wheat, cotton, and grain sorghum is impor-
tant. Alfalfa, cotton,and other crops are grown in irrigated areas
and become increasingly important from west to east in dry-farming
operaticns. The vagaries of climate, combined with the nature of
the topography and soils, make most of the area subject to serious
erosion. Productivity of the land resources of the Iowland may be
increased through water use and control measures by: (1) irriga-
ticn of valley lands where soils are suitable and water supplies
can be developed; (2) protection of valley lands through appropriate
flood control measures; and (3) drainage of selected areas.

The recent extended drought has contributed to a growing
realization throughout the Central lLowland area that irrigation is
desirable to reduce the variations in producticn which occur under
natural conditions. Although it is unlikely that irrigation will
materially change the agricultural ecconomy of the entire area, it
is evident that irrigation of additional land will be undertaken.
Although suitable lands and available water would permit develop-
ment of about 400,000 acres, it appears that, because of cost and

99




other factors, only approximetely 100,000 acres will be feasible
for irrigation within the foreseeable future.

Some additional land can bte placed in production or made
nore productive by installaticon of flocd control facilities.
Approximately 1,158,000 acres of land are subject to flooding.
Significant agricultural flood damages occur in the Washita River
Basin; and on Elm Fork and Elk, Otter, Turkey, Cache, and Eeaver
Creeks; and in the lower reaches of the FPease, Wichita, and Little
Wichita Rivers. Flcods cause damage to the towns of Fort Cobb,
Chickasha, Lindsay, Pauls Valley, Waurika, and Comanche, Ckiahcma;
and Wichita Falls, Texas. Total annual flocd damage in the sub-
basin is estimated to be $8.2 million, of which $4.7 million is
damage to crops and pasture, and $3.5 millicn is damage to other
property and improvements, including urban development.

Areas which have inadequate drainage for cptimum agri-
cultural production irnclude 55,100 acres along the main stem of
the Washita River and in the flood plains of Sugar, Rush, and
Wildhorse Creeks; 22,800 acres along Mud and Peaver Creeks;
10,800 acres along the Wichita River; 6,700 acres along Little
Wichita River; and 3,100 acres along Paradise Creek in Texas. In
all, 98,500 acres in the sub-basin are classified as wetlands.
Reference is made to Plate 14 for distribution of wetland areas.

Plan of Develorment

The long-range plan of development for the water re-
sources of the upper Red River PBasin would reduce property damage
through flood control and flood forecasting measures and would in-
crease the agricultural productivity of the area through irrigation,
drainage, flood contrel, and waterflow retardation. In the plan it
is recognized that the water resources should be protected from
pellution and that a large part of the surface water resources
which are of suitable quality should be used for municipal and in-
dustrial purposes. The elemwents of the plan and the potentials
therecf are discussed below.

In tke Washita River Rasin, the previcusly recommended
Foss and Fort Cobb Projects would supply municipal and industrial
water tc Anadarke, Chickasha, Clinton, and Elk City, and possibly
to a number of additional smaller towns. (racemont Reservoir on
Sugar Creek and Purdy Reservoir on Rush Creek are potential sources
for municipal and industrial water. The Wauriks Reservoir on
Beaver Creek and Scotland Reservoir on Little Wichita River offer
potential sources of water supply for lawton, Cache, Chattancoga,
Hastings, and Waurika, Oklahoma; and Wichita Falls, Texas. The
Randiett Reservoir on Deep Red Run would be a single-purpose,
municipal and industrial water-supply project, should requirements
develop irn the area. Although the Mountain Park Reservoir is
planned for irrigation and flood control purposes, the relatively
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superior guality of the water it providesg indicates that it cffers
one of the best potential sources of nmunicipal and industrial water
for the sub-basin.

Although the plans have not been developed, water sup-
plies can be provided for numercus small towns which are located
near streams with water of suitable quality by constructing small
reservoirs to provide storage to carry over the pericds of low
flow. Many smaller communities can continue to secure limited
water supplies from underground sources but studies are needed to
determine dependable yields c<f such sources.

The previcusly recomrended Foss and Fort Cobb Projects
in the Washita Basin provide the most promising potentialities for
irrigation development. The two projects would supply water for
approximately 25,700 acres. The Mountain View Project downstream
from Foss Reservoir would provide an irrigation water suprly for
2,370 acres. It is estimated that 5,000 acres could be irrigated
from Purdy Reservoir. The Grady County Pumping Project, which
would irrigate 3,525 acres, is dependent upon the streamflow
regulation provided by foss, Fort Cobb, and Mountain View Projects.

The Mangum Froject on the Salt Fork would furnish sup-
plementary water supply necessary for operation of the 47,8C0-acre
W. C. Austin Project or water to irrigate new lands along the west
side of Salt Fork in Jackson County. Mountain Park Reservoir on
Otter Creek can be utilized to irrigate about 9,000 acres of highly
productive lands. However, the extent to which this project should
be developed for irrigaticn depends upon whether all or part of the
dependable yield should be utilized for municipal and industrial
purposes. The Waurika Prcject would provide for irrigation of
2,600 acres.

The authorized program of waterflow retardation and
erosion prevention in the Weshita River Basin and previously recom-
mended local protection for Pauls Valley, Oklahoma, and flood con-
trol storage in the previously recommended Foss and Fort Cobb
Resgervolrs in the same Basin are inecluded in the long-range plan
for the control of floods in the area. In additicn, the plan in-
cludes 400 waterflow retardation structures on other itributaries
of the Red River, 3 lccal flcod protection projects, 13 reservoirs
and improved flocd forecasting measures. The waterflow retarda-
tion structures are planned to reduce flood damages resulting from
the frequent flocds in the tributary areas. The local flood control
projects, involving levees and chanrel improvement, will provide
protection for Comanche, Waurika, and a rural area on Deep Red Run,
all in Oklahcma. Flood control storage is provided in the Mountsain
Park Reservoir on Otter Creek, Waurika Reservoir on Beaver Creek,
Cklahoma; and in Scotland Reservoir on Little Wichita River, Texas.
Modification of the existing Iake Wichita in Texas is also included
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in the long-range plan. The Gainesville Reservoir cn Red River
would aid the existing Denison Dam (lLake Texcma) in reduction of
flood lesses on Red River. 8ix reservoirs in the Washite Basin
are combined with two previcuely recommended reservoirs in a
multiple-purpose plan to provide a major reduction in damages
along Washita River and tributaries below the dam sites. It is
estimated by the Corps of Engineers and the Department of Agricul-
ture that the average annual primary flood contrcl benefits from
the plan would approximate $5,095,000, of which $3,209,000 is
damages prevented and $1,686,C00 is attributed tc changed land use.
In addition, the Department of Agriculture estimates the average
annual damages prevented by land treatment to be $l,587,000.

The plan includes drainage facilities for 39,625 acres
of land along the Washita River and its tributaries, about 72 per-
cent of the total wetland area in that locality; for 9,900 acres
on Mud Creek, about 67 percent of the wetland area; and for
7,1C0 acres on Beaver Creek, about 89 percent of the wetland area.
Drainage works would consist generally of group and c¢n-farm
facilities discharging directly into adjacent streams. TFlcod con-
trol is prerequisite to drainage improverxent in all these areas.

The plan includes hydroelectric generating facilities at
the Gainesville Reservoir site, located on the Red River just
above lLake Texoms. The Gainesville power plant with an installed
capacity of 100,CC0 kilowatts would assist in meeting the future
power needsg of the area. The Penison Reservoir project is dis-
cussed in the following section on the Red River Rasin PBelow
Denison Dem.

The specific elements of the plan and pertinent infor-
mation relating to each are shown in Table 6, and the locations of
the major water use and control projects are shown on Plate 10,
Red River Easin Abtove Denison Dam. A description of each is given
in Section 2 of Part II, entitled “"Water Resources Project Data.”
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Table 6 — Long-range Water Use and Control Plan
Red River Basin above Denison Dam

Project
or Stream . Purposes
program , % i} —.
Present Development
i
. |
Reservoirs

W. C. Austin North Fork of

(Altus Reser— Red River,
voir) Project Oklahoma
Lake Kemp Wichita River,
Texas

Littie Wichita
Hiver, Texas
Holliday Creek,

Texas

Lake Kickapoo

Lake Wichita

Cther

51 Waterflow-
retardation
structures

Washita River
Basin, Okla.

|

Water supply,
" irrigation &

flood control:
Water supply &
| irrigation

Water supply

Water supply &
irrigation

Waterflow
retardation

Total
construction |Benefit~
cost cost
__($1,000) ratio .

(Actual cost unless otherwise noted)

12,858.0

1,937.0

Not available

Not available

1,599.0

Previously Authorized and Recormended Proijects

(Current prices as noted)

Reservoirs |

y !

éwashita Hiver,
i Cklahoma

Foss

iPond Creek,
! Oklahoma

Fort Cobb 1/

Local Protection Proiects

Pauls Valley,
Oklahoma, Levee

Washita River,
| and Rush
| Creek, Okla.

Irrigation,

flocd control
Irrigaticn,
water supply &

water supply &

22,032.5

15,688.5

flood control

F']lood control

| 2,298.0
|

1/ Unit of Washita River Multiple-Purpose Plan for optimum
development in Washita River Basin.
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Table 6 -~ Long-range Water Use and Control Plan
Red River Basin above Denison Dam (cont'd)

o 1 i Total {
Project i - construction |Benefit—
or ' Stream . Purposes i cost ¢ cost
program _ i . ($1,000)  _ _ratio

Previously Authorized and Recommended Projects (cont'd)
(Current prices as noted)

Cther ! ! i ’
4 ;

568 Waterflow— Washita River Waterflow ! 31,782.4 | Projected
retardation ' Basin, Okla. - retardation ' prices
structures i '

Improvements Added in AWR Studies

| {Projected prices unless otherwise noted)
Reservoirs i ! |
' i

Sauls |Quitaque(keek,iWater supply i 6,050.8 f 2/

Texas | . ;
Mangum i3alt Fork, Irrigation i 14,258,0 ' 1.0

Oklahoma ﬁ |

lMountain Park :Ctter Creek, jIrrigation & 7,182,0 0.7

| Oklahoma ! flood control,

Randlett Deep Red Run, Water supply | 3,098.0 2/

. Cklahoma I
Waurika 'Beaver Creek, |Flood control, 17,078.0 2/
| Cklahoma . water supply&
? | irrigation
Scotland iLittle Wichita Floed control& 12,109.0 I 2/
. River, Texas ! water supply :
Gainesville Red River, ‘Flood certrol &! 99,169.0 i3/0.3
- Oklahcma & | power | 3
i Texas | i |
Mountain View 1/ [Washita River, Flood controlé& 16,492.0 | 4/
I Oklahoma firrigation

1/ Unit of Washita River Multiple Purpose Plan for optimum
development in the basin.

2/ Exclusion of water—-supply benefits precludes comparison
with costs, which include water supply features.

3/ Evaluation based on reservoir operating as an adjunct to exist-
ing Denison Project and utilizing primary power benefits based on alterna-
tive private steam~electric stations and Federal. hydretransmission, with
taxes foregone resulting from Federal construction considered as an
econcmic cost.

4/ Exclusion of water—supply benefits in reservoirs of the
Multiple Purpose Plan precludes cormparison with costs, which include
water—supply features.

104



Table 6 ~ Long-range Water Use and Control Plan
Red River Basin above Denison Dam {cont'd)

! i ; Total !
Project i | construction [Benefit-
or ; Stream . Purposes . cost i cost
_____program. : I . (@l N OOO) ‘i ratio B

I i
i
i
|

Impfovements Added in AWR Studies (cont'd)
{Projected prices unless otherwise noted)

Reservoirs (conttd) L
| |

Rainy Mountain 1/|Rainy Mountain|Flood control 5,433.0 L/
{ Creek, Okla.

Gracemont 1/ ‘Sugar Creek, Flood control & 6,596.0 L/
i Oklahoma . water supply

Chickasha 1/ Little Washita {Flood control 7,249.0 | 4/
. River, Ckla. | f

Purdy 1/ ‘Rush Creek, Flood centrol, 10,503.0 | L/
' Oklahoma P dirrigation & ‘

" water supply

Hennepin 1/ Wildhorse :Flood control 15,856.0 | 4/
. Creek, Okla, ' |

Lake Wichita Helliday Creek, Flood control & 2,703.0 0.9

(Modification) . Texas ' conservation .
Local Protection Prcjects

| r
Channel improve— Deep Red Run, [Flood control | i,281.0 - 0.6
ment | Oklahoma | } !
Charmel inmprove~ |Beaver Creek, Flocd control i 263.3 | 1.4
ment and levee | Waurika, Ckla, | ;
Channel improve~ !Cow Creek, Flood control | 668,06 ¢ 0.9
ment | Comanche, | F
- Cklahoma ;
Other i :
Local drainage  Mud Creek, Drainage 193.6 | 2.1
. Oklahoma }
Local drainage Beaver Creek, Drainage 138.9 | 6.8
|

, Oklaheonma E

————— - P - . B Vo U

1/ Unit of Washita River Multiple Purpose Plan for optimum
development in the basin,

Q/ Exclusion of water-supply benefits in reservoirs of the
Multiple Purpose Plan precludes comparison with costs, which include
water supply features.
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Table 6 — Long—range Water Use and Control Plan
Red River Basin above Denison Dam {cent'd)

‘ L 5 Total
Project 1 construction  Benefit-
or ' Stream Purposes ‘ cost cost
. _program _ ' . (81,0C0) . ratio .

Improvements Added in AWR Studies (cont'd)
(Projected prices unless otherwise noted)

Other (cont'a) :

Local drainage 1/ Washita River, Drainage j 869.5 | 5/5.9
- QOklahoma . 3 |
Irrigation %Grady Co., Irrigation : 567.0 | 1.3
Purping 1/ i tlashita River,
 Oklahoma | i
Non—pro ject. ' Oklahoma Irrigation |

irrigation 6/

i/ Unit of Washita River Multiple Purpose Plan for optimum
development in the basgin.

5/ The B/C ratio is based upon drainage benefits which are
inseparable from flood-control benefits. Apportionment of drainage
benefits among related drainage and flood control elements of the
system has not yet been determined.

6/ Not shown on plates.
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Table 6 — Long-range Water Use and Control Plan
Red River Basin above Denison Dam (cont'd)

g | Total
Number 3 ! construction |Benefit-
of ' Stream ' Purpose § cost | cost
o.structures e ($2,000) . _ratio _
Waterflow-retardation Structures
(Projected prices unless otherwise noted)
g Minor tribu-~ |Waterflow 528.8
taries of Red] retardation
River, Texas | throughout
£ Prairie Dog LLC.O
Town Fork,
lebos Creek
10 Salt Fork, 563.0
Turkey Creek
5 Bitter Creek 198.2
1 Elm Fork,
Fish Creek 256.7
9 Elm Fork, 573.3 |
Haystack |
I Creek
24 Elm Fork, Re-
. maining area 1,773.3
112 i BElk Creek | Ly h27.9
L6 |Elk Creek, 2,009.7
Otter Creek
20 Eik Creek, 889.3
Stinking
Creek
514 Deep Red Run & 3,608.8
tributaries
22 Beaver Creek, | 3,541.3
above Waurika |
Reservoir
7 Beaver Creek, 1,143.8
Cow Creek
L0 Mud and Walnut 2,590.0
Creeks
34 Minor tribu- | 1,989.3
~ taries of Red |
- River, Okla. |
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